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Zae object of the present work was to determine
the lethal concentration of phosgene for dogs for an exosure of
seven and on%-half minutes. The lothal concentration is de-
fined an the least amount of the toxia substance in a gaesair
mixture which will prodvae the deaths, within 10 days, of a majority
(666&/36) Of the anials Mooed to a given concentration over a
definite period of time. It is epresed in milligrams of com-

2he least concentration which will cause a majority
Of deaths wit hin a period of 10 days lies between 1,08 and l15
milligrams per liter* ,io average oonoentration for the six dop
within the range Indicated is 1.1 milligrams per liters

The lethal concentration of phongene for dogs after
an e-.Pos ure of 7-1/2 inutes mWy be placed at 1.1 milligrams per
liter. SMB is the equivalent of ,70,6 parts per million at
Z,00a and 760 millimeters barometric pressure.

I y, PERM I LLs

A. The apparatus used consisted of two eleotrically
driver air pumps with an eiqualising chain for steadying the constant
flow of air, a mixing bulb in which the gas-air mixture was made
and a largeo glass-aided box (inner dimensions 74.9 x 69*8 x 71.2 am.)
with a sliding fromt. his glass chamber was sealed air ti._ht
except at the polnt of entramoe and exit c the gas-air mi.ture,
whe phosgene used was 99,.6 pure,
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b. before dog% were plAced in the chamber$
concentrations were determined by preiminary run.. Xe
flow of gas necessary to maintain these concentrations was
noted and the ran repeated with dog subjects. Dlring the
actu l exposu of the dogs the concentration was again
*hooked by chmical vanly ts of the gas-air mittuee 3&rles
wer aspirated fr the oamber during exoaure, absorbed In
a suitable solvent art subsequently ara-zedo !hc method of
analysis was the modified Mohr method as assembled in brief by
L.L. satler in 'Ihemical Methods up to ay 1918", Labortory of
the Pharmoologoal Division (References P.R.S. Vol. V, No. UO).

i ,. {

-4



Dog tio. Gonoentration iesult
id~l1ter

135 0.98 Died after 27? hurs

146 1.05 LiVg after 10 days

119 1.08 Living after 10 dys

153 1.#08J ied after 6 hours

156 1.09 pied after 22 ho'rs

180 1.1 Pied after 18 hp lre

176 1.13 Living after 10 dws

167 1.16 Died after 22 hours

177 1.17 ied after 10 hours

154 1.17 ,ied after 50 hours

119 1.18 Died after 16 hourM

174 1*2 Died after 4 hours

178 1.22 Living after 10 days

120 19,2 Died after 36 hours

* 264 1.2' pied after Z4 hours

17Z 1.3 Died after 19 hours

175 1.31 Paed after 5 hours

152 1o6 Died after 82 hours

233 1.36 LV.iD9 after 10 daLs

14Z 1.03 Died after 11 hours.

171 134 DIed aftor 57 hours t

134 1.42 lied after 6 hours
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0. REtfLITS OF? 4&XES 01 IMiIVIJUAL 2P'OuJIX-St

Dog NO& Concentration ±desul ts

173 1.43 Died after 20-1/2 hours

112 1.52 Living after 10 days

115 2.11 Died after 16 hours

V. CLI.ICAL HISTORY:

As. Dur i mo sure

Irritation was evidenced ,by continuous blinking
of the eyes, occasional sneezing and slight salivation, in
some cases the dogs Ilchrymated after six minutes. Restless-
ness was manifested during the first minutes of exposure but in
general the dogs remained quiet, awaiting release*

B. kollowins aimosure,

Following exposure the dogs were verj quiet and
slightly depressed in practically all cases. Uheir eyes
remained open and were clear and normal in appearance. In
a few oases, at the end of 12 to 16 hours, there was a slight
watery discharge frcm the noses

Immediately following exposure, respiration was
fairly noimale Later it usually increased in rate, rising
to as high as 40 to 44 in some cases* Furthermore it was
irregular, and often aUble. Coughing was noted in one dog.
When dogs died within 6 to 12 hours the respiration soon beoame
very shallow and remained so until death,

Immediately following exposure, the heart beat
was regular, but within a few hours decreased in rate to as low
as 64 in some cases. When the dogs died from 12 to 24 hours
after exposure the rate seemed to increase to about normal
or slightly above.
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IVI. G RS~ P AT1OLuUGY:

The external examination of the dogs autopsied

following exposure to phosgene gas revealed nothing abnormal.

Generally speaking, the dogs were in good condition. ihe

eyes were clear and the nose was free of fluid* In some

cases, the mouth was found to contain a blood stained watery

fluid. Occasionally this fluid had poured from the mouth and
after death ;&s found c&.ked on the hair of the face.

internally the following pathological charges

were noted: he macous membrane of the larynx and trachea in

all cases was sllghtly injeoted, injection occurring between

the cartilaginous rirs. Ie lumen in all dogs was filled with

an exudate which was either -Iear and mucoid or bloody and frothy

in character. ris exudate extended down into the bronchi.

burther examination of the dogs showed that they may be classified

into tiree classes according to the time of death -

1. Acute - dogs dying within 48 hours.
2. biub-acute - dogs dying 3-1/2 to 10 days

following exposure
3. Ohronic - dogs dying or killed after 10 days

in the cases of acute deaths, upon renoving the chest
wall, a very striking picture was presented. The entire thoracic
cavity was filled by the voluminous lungs which did not collapse
upon touching them. in a few dogs the lungs practically con-

cealed the heart. The color of the lungs was quite characteristic.
They were purplish red with irregular bluish-white patches, giving
them a decidedly mottled appearance. athe purplish color was due
to the extreme congestion of the vessels which was noticed immiediate-
ly, while the bluish white areas were due to the emphysematous condi-
tion of the lungs. Generally speaking, the lungs were doughy and

Dedwmatous in consistency. in dogs dying within 6 hours after am-
posure, the emphysematous condition was not so marked while in
those dying in 2,-26 hours, it mss very prominent, upon cutting
the lung a fluid exuded which was usually straw colored from the
liale areas and bloody from the congested areaso The cut surf&ce
was generally smooth and regular, but in some cases, tin greyish
areas wore seen and the smallest bronchioles stood out quite pr0ainent-
ly due to the oedematous condition of their walls. Qedema was
most marked in the lower lobes and emphysema in the upper and
middle lobes. The Wehysematous areas varied in size from small
patches to areas involving practically the whole lobe. Splhysema
was especially noted along the nargins of the lungs. Ln about 40
of the dogs, a blood-stained fluid vas present in the pleural

cavity., The amount of fluid varied from 5 cc* to 150 cc, In
this latter case, the lungs appeared drowned. In about 5O; of
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the dogs dying acutely, the right side of the heart was seen
to be noticeably dilated, and in a few dogs the left side wac also
involved. The heart muscle and valves appeared normal however.
,n three dogs, te vessels of the mediastinum seemed injected
ar:d the mediastinal tissue oedematous. The abdominal viscera
appeared to be normal except in a few oases where there was some
evidence of a general splanehnic congestion. Ihe liver, how-
ever, seemed slightly darker and heavier than normal and was oc-
casionally bile stained in the region of the gall bladder.

In the group of sub-acute deaths, the lungs were
found to be voluminous d heavy. Oeduua, congestion and em-
physema were found. Zhe surface generally was smooth, but in many
oases there were pale pink firm axeas which stood out above the
rest of the puffy, orepitant lumgs. In the dogs dying in three
to four days, these consolidated areas were less numerous than
In the more delayed deaths.-.. these areas of consolidation were
found principally near the margins of the lungs. Upon cutting
the lungs and examining the bronchioles from above downward they
were found to become progressively more dilated and inflamed.
NazV were seen to be filled with plugs of exudates Their walls
also appeared thickened, so that on section they were very promi.-
nent. his exudate was frequently of a muco-purulent nature,
but occasionally was straw colored and clear* Oedema was especially
marked around the larger vessels,. he posterior and lower parts
of the lungs were frequently heavy and consolidated and presented
a pnemonic appearamoe. Ite heart was dilated as in the acute
deaths and again approximately the same conditions were found in the
abdominal vi soera.

If dogs survived more than 10 days and were then killed,
the following conditions were foundt the upper air passages were
unaffected. rihe most marked change in the lungs was the presence
of oedwema* Ephysema was also found but was not so prominent a
feature as the oedemae The bronchioles were seen to be affected
but were apparently in a state of repair from the previous inflam-
matory condition.

'Vie O UIOIZL

%At Leta onentratons

A condensation of the results of exposures on indi-
vidual dogs gives the following tzblet from which the lethal con-
centration may be derived.
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uonce mgm/l ueaths in Deaths between Deaths .otal 'rotal
from - to 4 hours 2A-48 hrs. between Deaths per-

2-10 cent
day deaths

10 days

1.52 - 2.11 1/2 - - 1/2 50

1.38 - 1.4 3/4 - 1/4 4/4 100

1.27 - 1.36 2/5 1/5 i/5 4/5 80

1.17 - 1.i23 3/6 1/6 1/6 5/6 83-1/3

1.08 - 1.15 4/6 - - 4/6 66-2/3

0.98- 1.05 1/2 - - 1/2 50

Lumerator - L'Anber of dogs died

Denominator - Lumber of dogs exposed

"rom this table the least concentration which will
cause a majority of deaths within 10 days is seen to lie between
1.08 and 1.15 milligrams per liter. lie average cncentration
for the six exposures made within the range indicated is 1.1
milligr-ms per liter.

ate lethal concentration of phosgene for a 7-1/2
minute exposure of dogs may be placed, therefore, at 1.1 milligrams
per liter or 270.6 parts per million at 2500. and 760 millimeters
pr essure.

Be Clinical istorys

Phosgene acts as a respiratory irritant. lihe
chief effects shomn are the changes in respiration and pulse,
showing the effect of the gas on the heart and lungs. Dogs
dying shortly after exposure, are quiet but show shallow, rapid
respiration and increased pulse. In dogs which survive for 3
to 10 days, respiration and pulse tend to return to normal until
shortly before death, when the respiration decreases to a very low
rate.

G. uross Patholop:

1W hen death is acute, the main changes are qonfined to
the heart and~ lungs. he lungs are intensely congeatAand oedematous.
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Dilatation, congestion and plugging of the bronchioles with
exudate cause the emphysematous condition seen over the entire
lung. Die obstruction of the capillaries leads to the dilatation
of the heart which is characteristic of this stage*

Whben death is delayed, death results fiam infection
of the lungs. '&e upper air passages are unaffected but there
is an extensive infection and sane destruction of the bronchioles.
Uke entire lung substance may be involved in this infection as seen
by the pneumonic condition when the lung is cut. Death is usually
due to pneumonia.

When dogs die or are killed during the chronic
stage of phosgene poisoning, oedema of the lungs is the most notice-
able pathological change. he heart at this stage appears to
be normnal

iioroso-nio studies only have been comploted on the
present series of dogs. At the time of autopsy sections of heart,
lungs, liver, kidneys, spleen and pancreas were preserved. Sections
of these were made but microsconic studies of the slides have not
been completed. A future report will cover this work.

±he 4etermination of the lethal concentration of
phosgene for a 7-1/2 minute exposure is a part of a larger problem
for plotting a complete lethal curve from 15 seconds to several
hours exposure# The present report, therefore, is z. part of a
future presentation of the lethal data of phosgene.
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